P opulation aging is a summary term to describe shifts in the age distribution of a population toward older ages, most marked in highly developed countries. This rapidly progressing and worldwide phenomenon has been referred to as the "silver tsunami." In Canada in 1956, there were 180 000 people aged 80 or over compared with 1 167 310 in that age group based on the 2006 population census. Demographic projections estimate a more than 75% increase in the proportion of 80-year-old or greater group by 2026 ( Figure  1 ). 1 As life expectancy and number of individuals in the older population increase, their demographic and medical characteristics are also changing.
For instance, at the global level, the most rapidly growing age group is the one aged 80 and over. Although the oldest-old still constitute a small proportion of the total population, their numbers are becoming increasingly impor-tant, largely attributable to 2 factors. First, the fertility rate, which has averaged 1.6 children per woman over the last 30 years, is below the replacement level. Second, there has been a dramatic increase in life expectancy in the 20th century. For example, life expectancy at birth in the United States in 1900 was 47 years, whereas at the end of the century, it was 77 years (representing an extra 30 years, an increase of 64%). Life expectancies in India and China were around 32 and 35 years in 1950, whereas at the close of the century, they had reached 64 and 71 years, respectively. Similar gains have occurred in Canada (presently at 82.5 years for women and 77.7 years for men) as elsewhere around the world. [1] [2] [3] As a result, an increasing number of Canadians are reaching the age of 80 years old, and once they attain this age, their expected survival is longer as well.
Stroke incidence rates increase steeply with age. 4, 5 Therefore, we would also expect a rise in the number of elderly patients with stroke in the future. Unfortunately, limited information is available on stroke care in patients over age 80. In part, this is due to a paucity of publications on stroke in the elderly and low participation of the elderly in clinical trials. 6 Our aim was to evaluate the extent of differences (gender, length of stay, complications and discharge disposition, and stroke fatality) in patients 80 years and older and to understand the incidence of stroke in the very elderly as measured by hospital admissions.
We hypothesized that they would have lower survival, longer length of stay (LOS), and more intensive care unit (ICU) admissions than younger patients with stroke and that they would be less likely to be discharged to their original place of residence before their stroke. A better understanding of the outcomes associated with stroke in the older segments of our population may have important and practical implications not only for clinical management, but also for initiating preventive strategies and health policy implementation.
Methods
We identified all patients with ischemic stroke admitted to acute care hospitals in Canada between April 1, 2003, and March 31, 2004 , through the Hospital Morbidity and Mortality Database managed by the Canadian Institute for Health Information. The Hospital Morbidity and Mortality Database is a national database that contains patient-level sociodemographic, diagnostic, procedural, and administrative information across Canada. Canada's healthcare system includes government-funded universal public provision of physician and hospital services and the absence of copayments and other patient charges. 7 There are 680 acute care facilities across the country reporting to the Hospital Morbidity and Mortality Database, which covers 99.8% of all acute care hospitals. Reporting to the Hospital Morbidity and Mortality Database is mandatory in Canada. Patients with stroke were admitted to acute care facilities, including academic and community hospitals and rural and urban institutions, from all provinces and territories. For patients transferred between hospitals, the day of admission was defined as the day of presentation at the initial acute care facility.
For the present analysis, the major inclusion criterion was an admission to an acute care facility with a principal diagnosis of ischemic stroke as identified through the patient's principal discharge diagnosis recorded using the International Classification of Diseases, either the Ninth (ICD-9) or Tenth (ICD-10) Revision (ICD-9 codes 433.01, 433.11, 433.21, 433.31, 433.81, 433.91, 434.01, 434.11, and 434.91 and ICD-10 codes I63 and I64). 8, 9 All provinces and territories use ICD-10 codes, except Manitoba and Quebec, which use ICD-9 codes.
Because of major prognostic differences, patients with transient ischemic attack, intracerebral hemorrhage, and subarachnoid hemorrhage were excluded from this analysis.
We used the Charlson-Deyo comorbidity index to quantify patients' comorbid conditions. 10 This index is a summary score based on the presence or absence of 17 medical conditions. A score of zero implies no comorbid illness, and higher scores indicate a greater burden of comorbidity. For the purpose of this study, Charlson-Deyo index scores were categorized into none, 1, 2, or 3 or more comorbid conditions. 11, 12 Serious medical complications during hospitalization (intracerebral hemorrhage, pneumonia, decubitus ulcer, deep venous thrombosis, pulmonary embolism, and urinary tract infection) were also identified. Socioeconomic status was estimated through an approach developed by Statistics Canada that assigns neighborhoods to equally sized quintiles based on socioeconomic status data reported on the 2001 Census. 13 A higher quintile value of a residential area is associated with higher median socioeconomic status of residents in that area. Rural location was defined according to the hospital postal code. Hospital academic status was defined according to the Association of Canadian Academic Healthcare Organizations. 14 Each hospital in the Hospital Morbidity and Mortality Database is assigned a unique, encrypted identifier. This identifier was used to determine the annual acute ischemic stroke volume for each hospital that contributed to the database. As expected in administrativeclinical databases, no specific data were available for acute neurological status (such as the National Institutes of Health Stroke Scale) or measures of functional disability (such as the Barthel index and modified Rankin scale).
Statistical Analysis
Chi square or Fisher exact tests were used to compare categorical variables, whereas Student t tests and analysis of variance were used to compare continuous variables. Mann-Whitney test was used to compare median LOS. In developing the models, a statistical significance level of PϽ0.25 on univariate analysis was used as a screening cutoff. Those factors achieving this level of significance were then included in a multivariable analysis for the outcomes of interest (7-day fatality and stroke fatality at discharge). Adjusted survival curves for 30-day stroke fatality by age group. This figure shows the adjusted stroke survival curves at 30 days to compare age groups. The difference between survival curves for those over 80 to any other age groups was significant (log rank PϽ0.001 for those over 80 versus age Ͻ59, those over 80 versus age 60 to 69, and those over 80 versus age 70 to 79). ___ represents adjusted stroke survival for those over age 80 group (nϭ10 171).
---represents adjusted stroke survival for the age 70 to 79 group (nϭ8419). _-_represents adjusted stroke survival for the age 60 to 69 group (nϭ4505). _ _ _ represents adjusted stroke survival for younger than age 60 group (nϭ3581). Adjusted survival by gender, comorbidities, most responsible provider, hospital location, and ICU admission. Adjusted survival curves for 30-day stroke fatality for those over age 80 by institutional academic status. This figure shows the adjusted stroke survival curves at 30 days for those over 80 admitted to academic and nonacademic institutions. Survival for those over 80 admitted to nonacademic institutions was significantly lower than for those admitted to academic (log rank PϽ 0.001). ___ represents adjusted stroke survival for admissions to academic institutions (nϭ5179). ---represents adjusted stroke survival for admissions to nonacademic institutions (nϭ21 497). Adjusted survival by gender, comorbidities, most responsible provider, ICU admission, and hospital location (urban/rural). 80 and outcome measures was expressed as the OR and 95% CI. The Hosmer-Lemeshow test for goodness of fit was performed to assess the calibration of the models. We used the ADJUST command in STATA, to calculate risk-adjusted case-fatality rates as reported by other authors. 15, 16 For the multivariable and risk-adjusted models, we dichotomized a priori quintiles of socioeconomic status (Q1ϩQ2 versus Q3ϩQ4ϩQ5). Admission to the ICU was used as a surrogate of stroke severity in the models.
Stroke survival at 3 months (Figures 2 and 3 ) was derived from Cox regression models. We used STS GRAPH, STRATA, and ADJUST commands in STATA to perform the adjustment by fitting a stratified Cox regression model.
We used STS GRAPH, STRATA, and ADJUST commands in STATA to represent adjusted survival at 30 days (Figures 2 and 3 ) derived from Cox regression models.
Differences in the survival between groups were assessed by the log rank test. All statistical analyses were performed using a commercially available software package (SAS statistical software 1999, Version 8; SAS Institute Inc, Cary NC; and STATA version 8.0; StataCorp LP, College Station, Texas).
Outcome Measures
The primary outcome was stroke case-fatality (at 7-day, at discharge, and risk-adjusted case-fatality). Seven-day stroke fatality was defined as the proportion of ischemic stroke events that are fatal within 7 days after stroke admission. The rationale for using the 7-day case-fatality is based on a higher case-ascertainment and, most important, cost-related decisions are generally achieved within the first week of admission. 17 The 7-day fatality indicator has been previously used by the Organization for Economic Co-operation and Development for comparing stroke and acute myocardial infarction outcomes among different countries as well as in other studies. 18, 19 Case-fatality at discharge was defined as the proportion of ischemic stroke events that are fatal before discharge. Gender, comorbidities, most responsible provider, ICU admission, hospital academic status and location, and socioeconomic profile were considered to calculate risk-adjusted stroke fatality at discharge. Secondary end points included ICU admissions, medical complications, length of hospital stay, and discharge disposition (prestroke place of residence, longterm care facility, death).
Ethics
The study protocol was approved by the Ethics Review Board at St Michael's Hospital, University of Toronto. Because the identity of the patients was kept completely anonymous, no specific informed consent was required. The data pooling center was blinded to hospital identity.
Data Quality
According to a reabstraction study performed by the Canadian Institute for Health Information for quality assurance, after the implementation of ICD-10, diagnoses in the database were in agreement with diagnoses in the charts in 92% of stroke cases. The agreement for the coding of data collected on the day of admission was 97% and for death was greater than 99%. Nonmedical and sociodemographic data elements in this study had agreement rates ranging from 96% to 100%. 20 *Socioeconomic status was estimated through an approach developed by Statistics Canada that assigns neighborhoods to equally sized quintiles based on socioeconomic status data reported on the 2001 Census. A higher quintile value of a residential area is associated with higher median socioeconomic status of residents in that area. Socioeconomic status could not be determined in 1448 (5.4%) of individuals. P values represent differences among age groups.
Other Canadian studies using hospital coding for stroke and vascular risk factors from ICD-9 and ICD-10 have shown a similar high rate of agreement. 21, 22 In one particular study, ICD-9 coding was excellent with 90% agreement (95% CI, 86% to 92%) and ICD-10 was similarly good with 92% (95% CI, 88% to 95%) of strokes correctly coded. 9
Role of the Funding Source
The sponsor of the study had no role in study design, data collection, data analysis, data interpretation, or writing of the report. The corresponding author had full access to all the data in the study and had final responsibility for the decision to submit for publication.
Results
We analyzed 26 676 patients with an ischemic stroke admitted to 606 hospitals across Canada from April 1, 2003, to March 31, 2004 . Mean age (ϮSD) was 74Ϯ13 years and mean (median) length of hospital stay was 16.1 (8) days. Of these, 10 171 (38%) were aged 80 years or older. Baseline characteristics are summarized in Table 1 . Minor differences in gender, socioeconomic status, and care facility type were observed in the over 80 age group compared with younger age groups.
Outcomes Measures
Overall, 7-day and discharge stroke fatality rates were higher among those over age 80 when compared with the younger age groups. Table 2 summarizes the main outcome measures by age groups. Stroke fatality at discharge was 5.7% (age Ͻ59), 8.6% (age 60 to 69), 13.4% (age 70 to 79) and 24.2% (age Ͼ80; PϽ0.001). Patients over age 80 had also higher risk-adjusted stroke fatality when compared with patients younger than 80 years old.
The adjusted survival curves for 3-month mortality demonstrate a significantly lower survival rate for patients over age 80 and for those admitted to nonacademic institutions (log rank Ͻ0.0001; Figures 2 and 3 ).
For the secondary outcome measures, elders had a longer length of hospital stay (median 7 days for younger versus 10 days for older than age 80; PϽ0.0001). Contrary to our expectations, those over 80 years old were less likely to be admitted to the ICU. As expected, they were also less likely to be discharged to their prestroke residence (47.2% for those over age 80 versus 61.6% for younger patients; PϽ0.001). There were no significant differences in the medical complication rates between the older and younger groups.
When analyzing gender differences, women either younger or older than 80 years old had longer LOS, were less likely to be admitted to the ICU, and less likely to be discharged to the prestroke place of residence when compared with men (Table  3 ). There were no significant differences between men and women in comorbidities, medical complications, and stroke fatality rates. These results indicate minor differences in fatality rates but longer hospitalization and higher discharge to long-term care institutions in women after stroke.
In the multivariable analysis focusing on those over age 80, admission to the ICU, low socioeconomic status, and admission to a nonacademic institution were associated with higher 7-day stroke fatality after adjusting for covariates. Similar results were found for stroke fatality at discharge, including nonspecialist care (Table 4) . A goodness of fit test demonstrated no significant departure of model prediction from observed data (Hosmer and Lemeshow test; Pϭ0.91 for case fatality at 7-day and Pϭ0.38 for stroke fatality at discharge).
Discussion
In this comprehensive study across Canada, we found that 38% of hospitalized patients with an ischemic stroke occurred in individuals aged 80 or older. These individuals had a higher fatality rate (at 7-day, at discharge, and risk-adjusted), longer length of hospital stay, and were less likely to be admitted to the ICU and discharged to their original prestroke residence. Women had a longer length of hospitalization and were more likely to be discharged to long-term care institutions than their male counterparts. Stroke fatality among the over 80s was higher in nonacademic ( Figure 3 ) and rural institutions after adjusting for covariates. Case fatality increased by 15% for those over age 80 with low socioeconomic status. More importantly, nonspecialist care was also associated with a 14% higher case fatality rate at discharge among stroke patients aged 80 or older. The older segments of our population are growing at a considerably faster rate than that of the world's total population. 3 In absolute terms, the number of older persons has tripled over the last 50 years and will more than triple again over the next 50 years. Despite high immigration rates (usually younger individuals), Canada has had a dramatic increase in the proportion of elderly people with an increasing impact on the demand for healthcare services. 1 Unfortunately, we know very little about stroke in persons over age 80. The prevalence of arterial hypertension, atrial fibrillation, dyslipidemia, comordid conditions, and case fatality all increase with age. [23] [24] [25] [26] Recently published data on stroke trends have also confirmed both an increase in the median age of patients with stroke and of comorbidities. 5, 27 In addition to the aforementioned, altered metabolism, lower medication compliance, and higher drug interactions due to polypharmacy make the elderly a unique and higher-risk group. 6 This probably explains why individuals aged 80 and older are usually not included in most of the clinical trials. Despite recent information about the feasibility and safety of the administration of thrombolytic therapy, 28 limited information is available regarding the epidemiology, prevention, and management of stroke in those over age 80. 29, 30 The finding of poorer outcomes in elderly patients with stroke is consistent with previous studies on stroke as well as other medical conditions. 27,31-34 A group of investigators has recently created and validated a "clinical frailty score" to measure the "vulnerability" of elderly people to explain poorer outcomes. 35 From the health system perspective, limited access to specialists or organized stroke care in some institutions may explain this phenomenon. Similarly, the finding of an inverse association between socioeconomic status and stroke fatality is consistent with previous studies. 24, 36 In Canada, because of the universal funded healthcare system, everybody gets access to care independently of their socioeconomic status. However, unequal access to specialized stroke care may exist among different subgroups (elderly, individuals living in rural areas, and so on). Discharge to the place of residence before the ischemic stroke excludes death.
Saposnik et al Stroke Outcome in Those Over 80
A retrospective study based on data acquired during the period 1967 to 1985 in a metropolitan area in Portland included patients with stroke aged 65 or older (not broken down by decade) enrolled in the Kaiser Permanente health plan. They found a decrease in 7-day fatality from 17% (period 1967 to 1971) to 6% (period 1980 to 1985). 37 However, death for those over age 85 did not decrease. In a recent Canadian study comparing stroke outcomes from 1988 to 2002 in the province of Quebec, the authors found an increase in median age and prevalence of comorbidities in hospitalized patients with stroke with a stable 7-day casefatality rate of 14% for those aged 85 and older. 27 In another study that included Medicare beneficiaries aged 65 and older, in-hospital death was 6.8% for patients with ischemic stroke. 38 Similar to our study, gender and comorbid conditions were not associated with stroke fatality in the multivariable analysis. 29, 37 In agreement with previous studies, we found that women and those over 80 years had longer LOS and were discharged more often to long-term care institutions. 39, 40 Differences in comorbidities, type of care, and the lack of family and social support could explain, at least in part, the longer LOS and differences in discharge disposition. 27, 39 Our study has limitations that deserve comment. First, we used administrative health data, which lack detailed information about stroke severity and other clinical indicators needed for case-mix adjustment and also provide limited information about differences in the processes of stroke care among different facilities. However, the advantages of the administrative database are the large sample size, its populationbased case ascertainment, including most stroke separation data in Canada, and valid information on stroke outcome. Second, although we identified a clear association among type of care facility, socioeconomic status, and stroke fatality in more elderly individuals, this observational study cannot establish a cause-effect relationship. Third, inconsistencies in coding comorbidities and medical complications in the Hospital Morbidity and Mortality Database could have masked any true association. Finally, it is possible that other unmeasured variables, not included in the analysis (eg, medication adherence, social isolation, physician expertise, hospital resources), could affect the association between age and stroke outcome.
Despite these limitations, our national, population-based study provides relevant and robust data on stroke fatality, disposition, and hospital care for most individuals aged 80 and over across Canada.
Surprisingly, given our aging demography, very little is known about the fastest growing age group. Considering the increasing number of strokes in the more elderly segment of the population (38% of strokes occurring in those 80 or over), longer LOS and higher use of resources (over 50% of them are discharged to a long-term care institution), our results constitute a first step in the understanding of stroke outcomes in those over age 80 and the approaching burden and challenges faced by the healthcare system. The increased fatality observed in patients older than 80 receiving nonspecialist care supports the findings of the stroke trialist meta-analysis that the benefit of stroke care unit is seen in this older group. 41 These findings have important and practical implications not only for clinical management, but also for initiating preventive strategies and health policy implementation. For example, we can anticipate a "domino effect" associated with the aging impact on stroke, causing longer LOS and more disabled stroke survivors, thus increasing the demand for acute and long-term care beds and need for more complex acute care (specialized care, stroke units, ICU, and so on). Moreover, stroke specialists and teams will need to develop specific skills in the care of older people if they are to provide appropriate stroke services. This approaching phenomenon is recognized by government healthcare planners as the "Stroke Silver Tsunami" to capture a sense of urgency that will likely modify the demands and delivery of heath services.
Our study should encourage further research to identify potentially remediable factors related to delivery of care to reduce morbidity and mortality in more elderly patients with stroke. The recognition of this growing problem may help to implement strategies aimed at involving more elderly subjects in clinical trials and other research, facilitating access to specialized stroke care and improving survival and quality of life in the elderly. †Socioeconomic status was estimated through an approach developed by Statistics Canada that assigns neighborhoods to equally sized quintiles based on socioeconomic status data reported on the 2001 Census. For the multivariable analysis, socioeconomic status was dichotomized as low (Q1ϩQ2) or high (Q3ϩQ4ϩQ5).
